The hemodynamic effects of atrial pacing were evaluated in a group of 19 patients soon after cardiac valve surgery. Atrial pacing at 30 beats/min above the control rate of 88 beats/min produced an increase in cardiac index of 600 ml/min/m2.
It is concluded (1) that atrial pacing is a useful technique for augmenting cardiac index soon after cardiac valve surgery and (2) that isoproterenol provides a greater increment in cardiac index at identical heart rates and the major portion of its effect is directly inotropic. (1) to determine the potential hemodynamic benefits of atrial pacing and (2) Cardiac output was measured at least in duplicate by the dye-dilution technique using 1-ml injections (7 mg) of indocyanine-green dye injected into the pulmonary artery followed by a 4-ml saline flush. The design of the hemodynamic study was as follows. (1) In 11 patients pacing was performed at more than one rate above control; these patients occupy the first 11 positions in table 1 . For purposes of statistical analysis in the overall group, the rate at which the greatest increase in cardiac index occurred was selected for comparison with the control. In the first four patients cardiac index actually fell below that at a lower paced rate when the highest rate was achieved. In the remaining seven, cardiac index increased with each rate increment.
In seven of the eight patients in whom the effect of isoproterenol was compared to that of atrial pacing, the hemodynamic response was evaluated at one rate only. In an eighth patient the effects at two separate rates were examined. Thus nine separate comparisons are included in the summary data (table 2) . Although the heart rate increment was nearly identical, there was a shortening of the P-R interval (0.16 to 0.15 sec) with isoproterenol. Isoproterenol, however, produced an increment in cardiac index of 54% (from 2.6 to 4.0 liters/min/m2) and a fall in TPR from 18 to 12 units. There was no change in SBP, MAP, MLAP, or LVSWI. Atrial pacing in this smaller group of eight patients produced results similar to those of the overall group except for the increment in cardiac index which was less There was also a significant fall in LVSWI (29 to 25 g-m/m2 in the smaller group. These eight patients were representative of the total group with respect to their control cardiac index and other hemodynamic measurements, surgical procedure, and functional classification.
Discussion
On the basis of these observations one may anticipate that heart rate augmentation by atrial pacing will provide an increase in cardiac output in patients with chronic symptomatic heart disease during the early postoperative phase of cardiac valve surgery. This rise in cardiac output occurred in association with a slight increase in MAP but without significant alteration in MLAP. Hence the increase in cardiac output was effected through an increase in heart rate and was largely independent of the Starling mechanism.
Although a wealth of hemodynamic data has been accumulated concerning the effects of atrial pacing in man in a variety of other settings, only limited information is available concerning its influence on the patient in the early postoperative period after cardiac surgery.7 9-'l Woodson and Starr2 reported on the results of atrial pacing following mitral valve surgery and suggested that patients with mitral valve disease gain particular benefit from atrial pacing. Examination of their data reveals that eight of the 15 patients were in a "<nodal" rhythm during the control measurements, and hence atrial pacing could be expected to be of benefit to those individuals, not only because it augmented heart rate but also because it provided an effective atrial systole. No control observations were made prior to pacing in two of their patients in sinus rhythm, and conventional pressure measurements were not made during the pacing study on any of their patients. All of these factors make evaluation of their data and comparison with our own difficult. Furthermore the majority of our patients underwent aortic valve replacement, and our data do not support the contention that patients with mitral valve surgery constitute a special group in regard to benefit from atrial pacing.
This response of the diseased heart to atrial pacing in the postoperative period is in marked contrast to that observed by in the normal heart. In the latter circumstance stroke volume falls as heart rate increases so that no net change occurs in cardiac output. Such a response is also found in patients wtih coronary disease when atrial pacing is employed as a diagnostic stress test.7 On the other hand, there is evidence to suggest that in some other forms of cardiac disorders atrial pacing may produce a response analogous to that observed in the present study."' 12 At least two factors appear to be involved: (1) rate treppe, which may be of greater importance in such circumstances; and (2) a diminished ability to alter stroke volume in response to rapid changes in heart rate. This would result in greater rate dependence since the Starling mechanism would be less likely to be operational.
Although cardiac output uniformly increased in all patients at the first pacing rate, further increments in rate were associated with a decline in output in a few instances. This observation has been made by others and emphasizes the variable relationship between heart rate and cardiac output in individual patients." The relationship is governed by (1) the appropriateness of the timing between atrial and ventricular systole, and (2) limitation of diastolic time available for coronary perfusion and ventricular filling in a heart that is chronically diseased. Thus careful hemodynamic monitoring is required to assess the optimum quantity of rate increment for improvement in cardiac performance.
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